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PARTICIPANT OF A COMMUNICATION
SYSTEM WITH A MAGNETIC ANTENNA

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application is a continuation of copending Interna-
tional Application No. PCT/EP2020/052130, filed Jan. 29,
2020, which is incorporated herein by reference in its
entirety, and additionally claims priority from German
Application No. DE 10 2019 201 262.0, filed Jan. 31, 2019,
which is incorporated herein by reference in its entirety.

Embodiments of the present invention relate to a partici-
pant of a communication system and in particular to a
participant with a magnetic antenna. Further embodiments
relate to a terminal point and a base station with a magnetic
antenna. Some embodiments relate to an implementation of
a magnetic loop.

BACKGROUND OF THE INVENTION

Electric antennas, or electrically short antennas, are con-
ventionally used, particularly in the field of sensor nodes.
For example, when using a currently conventional electric
antenna at 868 MHz, a length of approximately 15 cm is a
requirement as a %2 lambda radiator. When using shorter
antennas, the gain of the antenna decreases. Furthermore, the
handling capability of the devices with antennas is limited
since the antennas used are detuned when approaching
electrically conductive or dielectrically effective elements,
and their gain therefore decreases further. In addition, with
electric antennas, it is not possible to transmit out of shielded
environments (Faraday cage).

Furthermore, magnetic antennas are known [1]. However,
due to their high quality factor (Q factor), magnetic antennas
have narrow-band characteristics. Thus, for example, mag-
netic antennas have to be tuned to the desired frequency
when approaching metal or dielectric elements. In this case,
it is possible to tune the magnetic antenna by hand or to
operate it in a self-tuning manner.

FIG. 1a shows a schematic view of a magnetic antenna 10
tunable by hand through a rotary capacitor 12, while FIG. 16
shows an electric equivalent circuit diagram, and FIG. 1c¢
shows an antenna diagram of the magnetic antenna 10 [2].

The magnetic antenna 10 includes a primary coupling
loop 14 fed via a 50 ohms coaxial cable 18 and a secondary
resonant loop 16. The circumference of the secondary reso-
nant loop 16 is usually less than Yo of the wavelength, while
the primary coupling loop 14 usually comprises ¥ of the
size of the secondary resonant loop 16.

In the field of amateur radio, tuning by hand is common.
However, in sensor nodes, self-tuning is desirable in favor of
a simple handling capability.

In order to keep the tuning range as small as possible, the
magnetic loop may be shortened multiple times, as is
common in magnetic resonance tomography (MR) [3], [4].

In MR, only the magnetic field adds to the desired effect,
hence the name “magnetic resonance”, while electric field
portions are highly undesired since they enter into the
patient and there, due to the dielectric loss of the body tissue:

a) in the transmission case, unnecessarily heat up the

patient, and

b) in the reception case, lower the Q factor of the loops,

which means that the signal-noise ratio (S/N) becomes
worse. Often times, the expression “more noise is
coupled in” is used. However, in physical terms this is
not correct since the operation temperature of the loop
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2

remains the same regardless of the degree of shorten-
ing. The effect is that, due to the lower Q factor (i.e. the
lower resonance rise), the use signal is weakened,
resulting in a worse signal-noise ratio (S/N).

The proportion of the electric fields essentially depends
on the wire length of the coil/loop compared to the wave-
length. That is, the electric field is created longitudinally of
the conductor towards the resonance capacity, as is shown in
FIG. 2.

FIG. 2 shows a schematic view of a loop 22 of a magnetic
antenna 20, wherein the electric field 24 longitudinally along
the conductor of the loop 22 towards the resonance capacity
26.

Thus, MR local antennas are almost always implemented
as single-turn loops. More than one turn is used only at very
low frequencies, since, due to the extremely bad L.C condi-
tions, the operation Q factor would suffer more due to the
bad self-Q factor than the electric field portions would cause
in the operation at the patient. At increasing frequencies, the
single turn of the loop is already too long compared to the
wavelength, wherein the loop size cannot be arbitrarily
decreased since it has to be adapted to be body region of the
patient to be examined. Thus, this one turn is divided by
several resonance capacities (capacitively shortened mul-
tiple times).

SUMMARY

An embodiment may have a participant of a wireless
communication system, wherein the participant comprises a
transmission and/or reception means (or unit, or device) and
an antenna array connected to the transmission and/or recep-
tion means, wherein the antenna array comprises a magnetic
antenna with a loop discontinued multiple times; wherein
the participant is configured to transmit signals to other
participants of the communication system by means of the
magnetic antenna, and/or to receive signals from other
participants of the communication system by means of the
magnetic antenna, wherein the wireless communication sys-
tem is a low power wide area network, LPWAN.

Another embodiment may have a participant of a wireless
communication system, wherein the participant comprises a
transmission and/or reception means (or unit, or device) and
an antenna array connected to the transmission and/or recep-
tion means, wherein the antenna array comprises a magnetic
antenna with a loop discontinued once or multiple times,
wherein the magnetic antenna is a first magnetic antenna,
wherein the antenna array further comprises a second mag-
netic antenna, wherein the loop discontinued once or mul-
tiple times of the first magnetic antenna and a loop of the
second magnetic antenna are arranged essentially orthogo-
nal to each other, wherein the participant is configured to
deactivate one of the magnetic antennas of the antenna array
to vary a radiation characteristic of the antenna array.

Another embodiment may have a participant of a wireless
communication system, wherein the participant comprises a
transmission and/or reception means (or unit, or device) and
an antenna array connected to the transmission and/or recep-
tion means, wherein the antenna array comprises a magnetic
antenna with a loop discontinued once or multiple times,
wherein the magnetic antenna is a first magnetic antenna,
wherein the antenna array further comprises a second mag-
netic antenna, wherein the loop discontinued once or mul-
tiple times of the first magnetic antenna and a loop of the
second magnetic antenna are arranged essentially orthogo-
nal to each other, wherein a participant is configured to vary
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an emission ratio of the antenna array by detuning the
self-resonance of at least one of the two magnetic antennas.

Embodiments provide a participant of a wireless commu-
nication system, wherein the participant comprises a trans-
mission and/or reception means [e.g. a transmitter, receiver
or transceiver| and an antenna array connected to the trans-
mission and/or reception means, wherein the antenna array
comprises a magnetic antenna with a loop [e.g. a current
loop] discontinued [divided] once or multiple times [e.g. at
least twice].

In embodiments, the loop may be discontinued [e.g.
divided] by one or several capacity elements [e.g. capacitors,
capacity diodes].

For example, the loop of the magnetic antenna may be
discontinued [e.g. at least twice] by at least two capacity
elements.

In embodiments, the loop discontinued multiple times
may be discontinued [e.g. divided] into at least two seg-
ments by the capacity elements.

For example, the loop may be divided into n segments by
n capacity elements, wherein n is a natural number larger
than or equal to two.

In embodiments, the at least two segments of the loop
discontinued multiple times may be connected by the capac-
ity elements.

For example, the at least two segments of the loop
discontinued multiple times and the at least two capacity
elements may be connected in series. In other words, two
segments of the loop discontinued multiple times each may
be connected by one capacity element connected in series
between the two segments.

In embodiments, the loop discontinued once or multiple
times [e.g. the at least two segments of the loop] and the
capacity elements may form a resonant circuit.

In embodiments, the loop may form a coil.

In embodiments, the transmission and/or reception means
may be connected to the magnetic antenna via one of the
capacity elements [e.g. wherein the one capacity element
and the loop discontinued once or multiple times form a
parallel resonant circuit [e.g. with the other capacity ele-
ments]].

In embodiments, the loop may be ring-shaped or m-po-
lygonal, wherein m is a natural number larger than or equal
to four.

For example, the loop may be quadrangular, pentagonal,
hexagonal, heptagonal, octagonal, nonagonal, decagonal,
hendecagonal, dodecagonal, and so on.

In embodiments, the magnetic antenna may be imple-
mented [e.g. realized] on a circuit board.

In embodiments, the antenna array may comprise a tuning
circuit for tuning the magnetic antenna.

In embodiments, the tuning circuit and the magnetic
antenna may be implemented on the same circuit board.

In embodiments, the magnetic antenna may be a first
magnetic antenna, wherein the antenna array may further
comprise a second magnetic antenna, wherein the loop
discontinued multiple times of the first antenna and a loop of
the second antenna may be arranged essentially orthogonal
to each other.

In embodiments, a first area spanned by the loop discon-
tinued once or multiple times of the first magnetic antenna
and a second area spanned by the loop of the second
magnetic antenna may be orthogonal to each other.

For example, a main emission direction/main reception
direction of the first magnetic antenna and a main emission
direction/main reception direction of the second magnetic
antenna may be orthogonal to each other.
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For example, a null of the first magnetic antenna and a
null of the second magnetic antenna may be different.

In embodiments, an area spanned by the loop of the
second magnetic antenna may be smaller than an area
spanned by the loop of the first magnetic antenna by the
factor two [e.g. the factor three, four, five or ten].

For example, the loop of the second antenna may be
“flattened”.

In embodiments, the loop of the second antenna may be
implemented to be not round so as to adapt to a shape of the
housing of the participant.

For example, the loop of the second magnetic antenna
may be essentially rectangular.

In embodiments, the first magnetic antenna and the sec-
ond magnetic antenna may be arranged adjacent to each
other.

In embodiments, a conductor of the loop of the second
magnetic antenna may be thicker or broader than a conduc-
tor of the loop of the first antenna at least by the factor two
[e.g. by the factor three, four, or five].

In embodiments, the loop of the second antenna may be
discontinued multiple times.

For example, the loop of the second magnetic antenna
may be discontinued [at least twice] by at least two capacity
elements.

In embodiments, the participant may be configured to
deactivate one of the magnetic antennas of the antenna array
[e.g. the first magnetic antenna or the second magnetic
antenna] so as to vary a radiation characteristic [e.g. emis-
sion direction or reception direction; e.g. main lobe] of the
antenna array.

For example, the participant may be configured to vary a
radiation characteristic [e.g. emission direction or reception
direction; e.g. main lobe] of the antenna array by deactivat-
ing one of the magnetic antennas of the antenna array [e.g.
the first magnetic antenna or the second magnetic antenna].

In embodiments, one of the magnetic antennas of the
antenna array may be deactivated by detuning the respective
magnetic antenna [e.g. the first magnetic antenna or the
second magnetic antennal.

In embodiments, one of the magnetic antennas of the
antenna array may be deactivated by connecting in parallel
a coil to one of the capacity elements of the loop or the
respective magnetic antenna [e.g. the first magnetic antenna
or the second magnetic antenna].

In embodiments, the participant may be configured to
vary an emission ratio of the antenna array by detuning the
self-resonance of at least one of the two magnetic antennas
[e.g. the first magnetic antenna or the second magnetic
antenna).

In embodiments, the first magnetic antenna and the sec-
ond magnetic antenna may be driven in a phase-shifted
manner [e.g. by 90°].

In embodiments, the participant may be configured to
divide a data packet [e.g. of the bit transfer layer]| to be
transferred onto a plurality of sub-data packets and to
transmit the plurality of sub-data packets in a non-continu-
ous manner [e.g. by using a time and/or frequency hopping
pattern], wherein the participant may be configured to vary
the radiation characteristic of the antenna array at least once
between the emission of two sub-data packets.

For example, the participant may be configured to vary
the radiation characteristic of the antenna array after each
emitted sub-data packet or after a specified number of
sub-data packets [e.g. by deactivating the respectively other
magnetic antenna of the antenna array].
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In embodiments, the participant may be configured to
divide a data packet [e.g. of the bit transfer layer] to be
transferred onto a plurality of sub-data packets and to
transmit the plurality of sub-data packets in an non-continu-
ous manner by using a frequency hopping pattern [e.g. and
a time hopping pattern], wherein the resonant frequencies of
the first magnetic antenna and the second magnetic antenna
may be slightly detuned on purpose so that in the emission
of the plurality of sub-data packets a radiation characteristic
[e.g. an emission direction; e.g. a main lobe| of the antenna
array varies contingent on the frequencies defined by the
frequency hopping pattern.

For example, the resonant frequency of the first magnetic
antenna and/or the second magnetic antenna may be detuned
in a range that corresponds to the reciprocal Q factor. With
a Q factor of Q=100, the detuning may be carried out in a
window of not more than +/-1%, since hardly any power
comes out in case of an even stronger detuning.

In embodiments, the antenna array may comprise a tuning
means (or device, or unit) for tuning the magnetic antenna,
wherein the antenna array is configured to automatically
tune the antenna.

In embodiments, the antenna array may further comprise
an electric antenna.

In embodiments, the transmission and/or reception means
may be a transmission means (or device, or unit) [e.g. a
transmitter], a reception means (or device, or unit) [e.g. a
receiver| or a transmission/reception means [a transceiver].

In embodiments, the participant may be configured to
communicate in the ISM band.

In embodiments, the participant may be a terminal point
of the communication system.

In embodiments, the terminal point may be a sensor node
or actuator node.

In embodiments, the terminal point may be battery-
operated.

In embodiments, the terminal point may comprise an
energy harvesting element for the generation of electric
energy.

In embodiments, the participant may be a base station of
the communication system.

Further embodiments provide a communication system
with at least two of the participants described herein.

For example, the at least two participants may be one or
several terminal points [e.g. a multitude of terminal points]
and one or several base stations. Obviously, the at least two
participants may also be at least two terminal points or base
stations.

Further embodiments provide a method for operating a
participant of a communication system, wherein the partici-
pant comprises an antenna array, wherein the antenna array
comprises a magnetic antenna with a loop discontinued once
or multiple times. The method includes a step of transmitting
and/or receiving communication signals by using the mag-
netic antenna.

Embodiments of the present invention provide a partici-
pant [e.g. a terminal point] of a communication system with
a magnetic antenna.

With the magnetic antenna addressed in the embodiments,
(1) the installation size of participants of a communication
system, e.g. of sensor nodes, may be decreased, (2) inde-
pendence from the environment may be provided by the
automatic tuning, and/or (3) emission/reception from (par-
tially) electrically shielded environments may be possible
(or improved).

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will be detailed
subsequently referring to the appended drawings, in which:
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FIG. 1a shows a schematic view of a magnetic antenna
that is tunable by hand by means of a variable high voltage
capacitor,

FIG. 15 shows an electric equivalent circuit diagram of
the magnetic antenna shown in FIG. 1,

FIG. 1¢ shows an antenna diagram of the magnetic
antenna shown in FIG. 1a;

FIG. 2 shows a schematic view of a magnetic antenna and
an electric field of the magnetic antenna,

FIG. 3a shows a schematic view of a participant of a
communication system according to an embodiment of the
present invention,

FIG. 3b shows a schematic view of a participant of a
communication system according to an embodiment of the
present invention,

FIG. 3¢ shows a schematic view of a terminal point of a
communication system according to an embodiment of the
present invention,

FIG. 4 shows a schematic view of a magnetic antenna,

FIG. 5 shows a schematic view of a magnetic antenna
with a (e.g. capacitively shortened) loop discontinued mul-
tiple times according to an embodiment of the present
invention,

FIG. 6 shows a schematic view of a magnetic antenna
with a loop discontinued multiple times, wherein the loop is
octagonal, according to an embodiment of the present inven-
tion,

FIG. 7 shows a schematic view of an antenna array with
a first magnetic antenna and a second magnetic antenna
according to an embodiment of the present invention, and

FIG. 8 shows a flow diagram of a method for operating a
participant of a communication system according to an
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

In the subsequent description of the embodiments of the
present invention, the same elements or elements having the
same effect are provided in the drawings with the same
reference numerals so that their description is interchange-
able.

FIG. 3a shows a schematic view of a participant 100 of a
communication system according to an embodiment of the
present invention. The participant 100 includes a transmis-
sion and/or reception means 102 (e.g. a transmitter) and an
antenna array 104 connected to the transmission and/or
reception means 102, wherein the antenna array 104 com-
prises a magnetic antenna 106 with a loop 108 discontinued
once (i.e. just one time).

FIG. 35 shows a schematic view of a participant 100 of a
communication system according to an embodiment of the
present invention. The participant 100 includes a transmis-
sion and/or reception means 102 (e.g. a transmitter) and an
antenna array 104 connected to the transmission and/or
reception means 102, wherein the antenna array 104 com-
prises a magnetic antenna 106 with a loop 108 discontinued
multiple times.

The following primarily describes embodiments of the
antenna array 104 with the magnetic antenna 106 with the
loop discontinued multiple times shown in FIG. 35. How-
ever, it is to be noted that the embodiments described in
following may also be applied to the antenna array 104 with
the magnetic antenna 106 with the loop discontinued once
shown in FIG. 3.

In embodiments, the loop 108 with the magnetic antenna
106 may be discontinued by capacity elements 110, such as
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resonance capacities (resonance capacitors). For example, as
is illustratively shown in FIG. 34, the loop 108 of the
magnetic antenna 106 may be discontinued (e.g. capaci-
tively shortened) by two capacity elements 110. However, it
is be noted, that the loop 108 of the magnetic antenna 106
may also be discontinued by any other number of capacity
elements 110 in embodiments. Thus, in embodiments, the
loop 108 of the magnetic antenna 106 may be divided by n
capacity elements 110 into n segments (or parts, or portions)
wherein n is a natural number larger than or equal to two.
Segments are here the parts, or portions, of the loop between
the respective capacity elements 110.

In embodiments, the segments of the loop 108 discontin-
ued multiple times may be connected by the capacity
elements 110. In detail, two segments of the loop discon-
tinued multiple times may be connected by one capacity
element connected in series between the two segments each.
In other words, the segments of the loop 108 of the magnetic
antenna 106 and the capacity elements 110 are alternatingly
connected in series as a loop.

In this case, the transmission and/or reception means 102
may be connected to the magnetic antenna 106 via one of the
capacity elements 110. The one capacity element on the one
side and the loop 108 discontinued multiple times with the
other (e.g. remaining) capacity elements on the other side
may form a parallel resonance circuit (e.g. from the point of
view of the transmission and/or reception means 102).

In embodiments, the antenna array 102 may further com-
prise a tuning means for tuning the magnetic antenna 106.
The tuning means may be configured to automatically tune
the magnetic antenna 106.

Contingent on the geometric shape of the loop 108 of the
magnetic antenna 106, the radiation energy from the mag-
netic antenna 106 is not emitted uniformly in all directions
of a plane. Rather, the antenna diagram of the magnetic
antenna 106 shown in FIG. 356 comprises null, i.e. there are
areas (e.g. points) in the antenna diagram where the radia-
tion energy of the magnetic antenna is practically zero. In
embodiments, the antenna array 104 may therefore comprise
a second magnetic antenna, as is described on the basis of
FIG. 7 in detail below, or also an additional electric antenna.
The second magnetic antenna and/or the additional electric
antenna may be arranged such that the nulls of the magnetic
antenna 106 are compensated.

In embodiments, the participant 100 of the communica-
tion system may obviously not only be configured to trans-
mit signals to other participants of the communication
system by means of the magnetic antenna 106, but also to
receive signals from other participants of the communication
system by means of the magnetic antenna 106. To this end,
the participant 100 may comprise a reception means (e.g. a
receiver) connected to the antenna array 104, for example.
Obviously, the participant 100 may also comprise a com-
bined transmission/reception means (e.g. a transceiver) 102.

In embodiments, the participant 100 (or the communica-
tion system of the participant) may be configured to com-
municate in the ISM band (ISM=Industrial, Scientific and
Medical band), i.e. to transmit and/or to receive signals in
the ISM band.

In embodiments, the participant 100 (e.g. the communi-
cation system of the participant) may be configured to
transmit data on the basis of the telegram splitting method.
In the telegram splitting method, data, such as a telegram or
data packet, is divided into a plurality of sub-data packets (or
partial data packets or partial packets) and the sub-data
packets are transferred distributed in time and/or in fre-
quency (i.e. not continuously) from one participant to
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another participant (e.g. from the base station to the terminal
point or from the terminal point to the base station) of the
communication system by using a time and/or frequency
hopping pattern, wherein the participant receiving the sub-
data packets joins (or combines) them so as to obtain the
data packet. In this case, each of the sub-data packets
contains only a part of the data packet. Furthermore, the data
packet may be channel-encoded so that not all sub-data
packets are a requirement to faultlessly decode the data
packet, but only a part of the sub-data packets.

In embodiments, the communication system may be a
personal area network (PAN) or a low power wide area
network (LPWAN).

The participant 100 of the communication system shown
in FIG. 3b may be a base station of the communication
system. Alternatively, the participant 100 of the communi-
cation system shown in FIG. 35 may also be a terminal point
of the communication system, as is subsequently described
on the basis of FIG. 3c.

In detail, FIG. 3¢ shows a schematic view of a participant
01100 of the communication system, wherein the participant
100 is a terminal point, according to an embodiment of the
present invention.

As is exemplarily shown in FIG. 3¢, the terminal point
100 may be as sensor node in embodiments. In the case of
a sensor node, the terminal point 100 may be a sensor 114,
such as a temperature sensor, a pressure sensor, a humidity
sensor, or any other sensor, wherein the signals transmitted
by the sensor node 100 depend on a sensor signal provided
by the sensor. For example, the sensor may comprise a
microprocessor 112 that processes the sensor signal pro-
vided by the sensor so as to generate, on the basis of the
sensor signal, data to be transferred that is transmitted by the
transmission means (e.g. transmission and receptions
means) 102, e.g. on the basis of the telegram splitting
transfer method.

Obviously, the terminal point 100 may also be an actuator
node, wherein the actuator node comprises an actuator 114.
In this case, for example, the processor 112 may be config-
ured to drive the actuator 114 on the basis of the received
signal, or the received data.

In embodiments, the terminal point 100 may be battery
operated. Alternatively or additionally, the terminal point
100 may comprise an energy harvesting element for the
generation of electric energy.

In the following, detailed embodiments of the magnetic
antenna 106, or the antenna array 104 with the magnetic
antenna 106, are described.

1. Design of the Loop

Embodiments concern magnetic antennas (e.g. for sensor
nodes or also for base stations) for the transmission and/or
reception case. In this case, the magnetic antennas may be
tuned automatically.

1.1. Application of Magnetic Antennas in Sensor Nodes

A magnetic antenna 106 comprises a current loop 108
with one or several turns. In the reception case, an alternat-
ing magnetic field induces a voltage in the loop 108 (induc-
tion law, [5]), in the transmission case, a current flowing in
the loop 108 generates a magnetic field (law of Biot-Savart
[6]). If the magnetic antenna 106 is to be operated only at a
frequency or in a range of a small relative bandwidth, the
magnetic antenna 106 the efficiency of the magnetic antenna
may be significantly increased by means of a resonance
capacity. The current flow 108 increases to the extent of the
resonance rise (expressed by the quality factor Q) i.e. twice
the Q factor causes twice the current flow (and therefore
twice the magnet field) at the same power fed. Thus, it is
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desirable to achieve as high a Q factor as possible, which at
the same time means that the loop 108 and the capacity have
to have the smallest possible losses. Usually, the losses in the
loop 108 predominate due to the finite conductivity of the
metal used (mostly Cu).

FIG. 4 shows a schematic view of such a magnetic
antenna 106. As already mentioned, the magnetic antenna
106 comprises the loop 108 with one or several turns, and
the resonance capacity 110 (CO0). In this case, the magnetic
antenna 106 may be coupled in, e.g. to the transmission
and/or reception means 102, via the parallel resonance
circuit formed by the resonance capacity 110 and the loop
108 (coil) (c.f. FIG. 3).

The magnetic antenna 106 has the advantage of a high
antenna Q factor while at the same time having a small
installation size.

In addition, the magnetic antenna 106 has the advantage
that it may be adapted to different environment conditions,
e.g. by automatic tuning.

Embodiments of the present invention concern a sensor
node with a magnetic antenna. In this case, the magnetic
antenna may be automatically tuned.

1.2. Multiple Shortening of the Loop of the Magnetic
Antenna

FIG. 5 shows a schematic view of a magnetic antenna 106
with a (e.g. capacitively shortened) loop 108 discontinued
multiple time. As is exemplarily shown in FIG. 5, the loop
108 may be divided into four segments by four capacity
elements 110 (4C0), e.g. resonance capacities (e.g. reso-
nance capacitors). However, it is to be noted that the loop
108 of the magnetic antenna 106 may also be divided in any
other number of segments. Thus, in embodiments, the loop
108 of the magnetic antenna 106 may be divided into n
segments by n capacity elements 110, wherein n is a natural
number larger than or equal to two.

In embodiments, the loop 108 of the magnetic antenna
may be divided into equidistant segments. Dividing the loop
108 into equidistant segments has the advantage that the
lowest electric field portions are achieved overall. Obvi-
ously, the loop may also be divided into non-equidistant
segments.

The lower electric fields, or the multiple capacitive short-
ening, have the advantage that dielectric material in the
direct vicinity of the antenna detunes the same less in its
resonance frequency accordingly.

In addition, the lower electric fields, or the multi-capaci-
tive shortening, have the advantage that dielectric lossy
material in the direct vicinity of the antenna reduces its Q
factor less.

In addition, the lower electric fields, or the multi-capaci-
tive shortening, have the advantage that the voltage at the
resonance capacities is accordingly lower (i.e., e.g. half the
voltage at twice the shortening, however, twice the capacity
value). In particular, this is of advantage if one or several of
the resonance capacities are to be tunable, since the tuning
organs may then comprise a lower voltage sustaining capa-
bility/electric strength.

In embodiments, the magnetic antenna 106 (or the loop
108 of the magnetic antenna 106) may be capacitively
shortened multiple time.

In embodiments, there are several capacitors 110 arranged
in series in the magnetic loop.

1.3. Particular Design of the Loop of the Magnetic Antenna

Loops 108 with a round shape have the best ratio of
conductor path length to spanned (or enclosed) surface area.
However, the use of space on a conventionally rectangular
circuit board (conductive paths) is not optimal.
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Shapes with more than four corners, in particular the
octagonal shape, have advantages. One the one hand, the
ratio of surface area to circumference worsens and therefore
also the Q factor of the magnetic antenna 106, however, the
efficiency of the magnetic antenna 106 increases with a
given rectangular circuit board surface area, since the
spanned (or enclosed) surface area becomes larger. FIG. 6
shows a symmetrical design (of the loop 108) of the mag-
netic antenna 106, however, non-symmetrical designs (of
the loop 108) would be conceivable, in which, e.g., the upper
and lower partial pieces (e.g. segments of the loop 108) are
longer.

In detail, FIG. 6 shows a schematic view of a magnetic
antenna 106 with a loop 108 discontinued multiple times,
wherein the loop 108 has an octagonal shape.

As is exemplarily shown in FIG. 6, the loop 108 may be
divided into eight segments by (e.g. eight) capacity elements
110, wherein the eight segments may be angular so that the
loop 108 comprises an octagonal shape. However, it is to be
noted that the loop 108 may also be divided into any other
number of segments and/or may comprise any other shape.
Thus, the loop 108 of the magnetic antenna may be m-gonal,
wherein m is any natural number of larger than or equal to
four, e.g. 4, 5,7, 8,9, 10, 11 or 12.

In embodiments, the magnetic antenna 106 may be imple-
mented on a printed circuit board (PCB).

In embodiments, the magnetic antenna 106 (or the loop
108 of the magnetic antenna 106) may comprise partial
portions (or segments) that are not round.

In embodiments, a lead routing of the segments of the
magnetic antenna 106 (or the loop 108 of the magnetic
antenna 106) may be straight in the areas (or at the location)
with components.

In embodiments, the magnetic antenna 106 (or the loop
108 of the magnetic antenna 106) may have a polygonal
shape or may comprise more than four corners.

Such a magnetic antenna 106 has the advantage that the
layout may be transferred more easily to different layout
programs.

In addition, such a magnetic antenna 106 has the advan-
tage that placement of the components is easier since the
lead routing (of the loop 108 of the magnetic antenna 106)
is straight at the locations with the components.

In some embodiments, the sides extending diagonally
(segments of the loop 108 of the magnetic antenna 106) may
comprise a circular arc shape instead of an angular shape, so
as to further increase the surface area and to achieve
optimum use of the circuit board surface area. In reaction
thereto, one would lose the advantages of the easier com-
ponent placement and the simpler layout.

Although the antenna array 104 shown in FIG. 6 com-
prises a magnetic antenna 106 with a loop 108 discontinued
multiple times, it is to be noted that the embodiments
described may also be applied to an antenna array 104 with
a magnetic antenna 106 with a loop 108 discontinued once
(c.f. FIG. 3a).

1.4. The Loop is Realized on a Circuit Board

In embodiments, the loop may be realized on a printed
circuit board (PCB). In embodiments, the tuning circuit may
be realized on the same circuit board.

2. Several Antennas

In embodiments, the antenna array 104 may comprise
several magnetic antennas.

This has the advantage that the null (e.g. points in the
antenna diagram where the radiation energy of the magnetic
antenna is practically zero) of a magnetic antenna may be
circumvented.
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2.1. Cross Field Loop with Diversity

In embodiments, two magnetic antennas may be used, the
two magnetic antennas being (e.g. essentially) as orthogonal
as possible.

2.2. Flat Second Loop to Avoid Null

In order to obtain as flat a housing as possible, the second
magnetic antenna (or the loop of the second magnetic
antenna) may be designed to be “flattened”. In the case of
loops that are not round, the resistance of the winding
increases compared to the spanned (or enclosed) surface
area, decreasing the Q factor. In the case of a flattened loop,
since a smaller surface area is spanned, it’s radiation effi-
ciency decreases. On the one hand, this slightly increases the
Q factor, on the other hand, it does not contribute to the
radiation. In order to at least partially compensate the first Q
factor-reducing effect, a broader conductor (less losses) may
be used.

FIG. 7 shows a schematic view of an antenna array 104
with a first magnetic antenna 106 and second magnetic
antenna 112 according to an embodiment of the present
invention.

The first magnetic antenna 106 includes a loop 108
discontinued multiple times. As is exemplarily shown in
FIG. 7, the loop 108 of the first magnetic antenna may be
divided into four segments by four capacity elements 110.
However, it is to be noted that the loop 108 of the first
magnetic antenna 106 may also be divided into any other
number of segments. Thus, in embodiments, the loop 108 of
the first magnetic antenna 106 may be divided into n
segments by n capacity elements 110, wherein n is a natural
number of larger than or equal to two.

The second magnetic antenna 112 also includes a loop
114, wherein the loop 108 of the first magnetic antenna 106
and the loop 114 of the second antenna 112 may be arranged
essentially orthogonal to each other.

As is exemplarily shown in FIG. 7, a surface area spanned
by the loop 114 of the second magnetic antenna 112 extends
orthogonally to a surfaced area spanned by the loop 108 of
the first magnetic antenna 106. In detail, in FIG. 7, the
surface area spanned by the loop 108 of the first magnetic
antenna 106 extends in parallel to the xy-plane defined by
the coordinate system, whereas the surface area spanned by
the loop 114 of the second magnetic antenna 112 extends in
parallel to the z-axis of the coordinate system.

In embodiments, a surface area spanned (or enclosed) by
the loop 114 of the magnetic antenna 112 may be smaller
than a surface area spanned (or enclosed) by the loop 108 of
the first magnetic antenna 106 by the factor two (e.g. by the
factor three, four, five, or ten).

In other words, the loop 114 of the second magnetic
antenna 112 may be “flattened”.

As is further indicated in FIG. 7, in embodiments, a
conductor of the loop 114 of the second magnetic antenna
112 may be thicker, or broader, than a conductor of the loop
108 of the first magnetic antenna 106 at least by the factor
two (e.g. by the factor three, four, or five).

Obviously, the loop 114 of the second magnetic antenna
112 may also be discontinued multiple times, e.g. by at least
two capacity elements.

In embodiments, the antenna array 104 may comprise a
second loop 114 which is as orthogonal as possible.

In embodiments, a wire size/width of the second loop 114
may be larger (than a wire size/width of the first loop 108),
however, the second loop 114 may be flatter (than the first
loop 108).

Although the antenna array 104 shown in FIG. 7 com-
prises magnetic antennas with loops discontinued multiple
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times, it is to be noted that the described embodiments may
also be applied to an antenna array with magnetic antennas
with loops discontinued once.

2.3. Combined Magnetic/Electric Antenna to Avoid Nulls

In order to circumvent the null (e.g. points in the antenna
diagram where the radiation energy of the magnetic antenna
is practically zero) of the magnetic antenna 106, an electric
antenna may be integrated on the printed circuit board (e.g.
PCB) in addition to the magnetic antenna 106, e.g. in the
form of a PCB F antenna, as an “extension” of the loop 108
(e.g. of the magnetic ring/8-gon).

In embodiments, an electric and an magnetic antenna may
be combined (e.g. on a printed circuit board (e.g. PCB)).
2.4. Switching the Loops

If several magnetic loops (or magnetic antennas) are
connected together, a new null from a different direction
arises.

Thus, the use of several magnetic loops (or several
magnetic antennas) only makes sense if the unused loop(s)
(or magnetic antenna(s)) may be switched off.

2.4.1. Switching Off by Discontinuation of the Resonance
Current

In embodiments, the current flow of the undesired mag-
netic antenna may be interrupted by means of a switch, for
example. However, since each switch comprises a certain
residual capacity, this essentially corresponds to a strong
detuning of the resonance frequency.

2.4.2. Switching Off by Means of Additional Inductivity (L)

In embodiments, one or several resonance capacitors may
be provided in parallel with a coil. At the original resonance
frequency of the loop, they form a parallel resonance circuit
that interrupts the current flow therein.

2.4.3. Changing the Drive Ratio

In embodiments, the tuning of the loops and therefore the
main emission direction and therefore the null may be
shifted by a slight detuning of the self-resonance of one of
the two loops, since the loops then emit with a different
power at the same high drive powers. The non-emitted
portion of the slightly detuned loop is then reflected back
and absorbed in the transmitter.

2.4.4. Phase-Shifted Drive of Magnetic Loops

The null of a loop depends on its structure in the three-
dimensional space. This does not change, e.g., when varying
the capacity of a resonance capacity only. Thus, in the case
of planar loops, there is a position in which B-field lines do
not penetrate the same, i.e. if they extend in the plane of the
loop. However, even in the case of three-dimensional loop
(or curved B-lines), i.e. in a slightly curved circular ring that
does not extend exactly in a plane, one can find a position
in which field lines penetrating from one side or from the
other side of the loop are in balance. This leads to a
compensation, i.e. a null. Even orthogonal loops would
comprise a null under 45° if their signals are only connected
directly. In order to avoid this, their reception signals may be
combined under a phase-offset of 90° since this makes
impossible a geometrical cancellation of the temporal sig-
nals.

In embodiments, several magnetic loops may be driven in
a phase-shifted manner.

In embodiments, several self-tuned magnetic loops may
be driven in a phase-shifted manner.

2.5. Variation of the Radiation Ratio via the Hop Number

In connection with the telegram splitting transfer method
[7], a transmission diversity (i.e. emission with different
antennas) may be performed per telegram, since the emis-
sion of each sub-data packet (hop) on a different antenna/
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with a different strength on the antennas is possible in the
telegram splitting transfer method.

This has the advantage that the transfer reliability of a
telegram may be increased.

In embodiments, different sub-data packets (hops) may be
emitted with a different intensity on different antennas so
that different sub-data packets are transmitted with different
antenna nulls.

2.5.1. Design of the Loop in which the Null Depends on the
Frequency

Embodiments may use more or less orthogonal loops with
a different resonance frequency whose signals are combined
via a decoupled combiner. If the resonance frequencies are
close together, the loops already have to comprise a good
geometrical orthogonality (i.e. magnetic decoupling). Oth-
erwise, there is a loss of Q factor and resonance distortions.
Thus, the resonance frequency is slightly detuned on pur-
pose. Different sub-data packets (hops) are on different
frequencies and are therefore emitted with different inten-
sities and with different resonances by the loops, thus, the
null of the magnetic antenna is respectively shifted.

In embodiments, the emission ratio of the magnetic anten-
nas varies across the frequency.

In embodiments, the null of the antenna shifts across the
frequency.

3. Further Embodiments

FIG. 8 shows a flow diagram of a method 200 for
operating a participant of a communication system accord-
ing to an embodiment of the present invention. The method
at 200 includes a step 202 of transmitting and/or receiving
of communication signals by using a magnetic antenna of an
antenna array of the participant of the communication sys-
tem, wherein the magnetic antenna comprises a loop dis-
continued once or multiple times.

Embodiments of the present invention provide (e.g. self-
tuning) magnetic antennas, e.g. for sensor nodes. With the
IoT, the internet of things, the number of the wirelessly
communicating sensor nodes increases. In this case, there
are ever stronger requirements with respect to a small form
factor and a simple handling capability. These requirements
may be fulfilled only to a small extent with the existing
electric antennas. Embodiments of the present invention
enable the use of magnetic antennas and sensor nodes and
therefore fulfill the above-mentioned requirements.

Even though some aspects have been described within the
context of a device, it is understood that said aspects also
represent a description of the corresponding method, so that
a block or a structural component of a device is also to be
understood as a corresponding method step or as a feature of
a method step. By analogy therewith, aspects that have been
described within the context of or as a method step also
represent a description of a corresponding block or detail or
feature of a corresponding device. Some or all of the method
steps may be performed while using a hardware device, such
as a microprocessor, a programmable computer or an elec-
tronic circuit. In some embodiments, some or several of the
most important method steps may be performed by such a
device.

Depending on specific implementation requirements,
embodiments of the invention may be implemented in
hardware or in software. Implementation may be effected
while using a digital storage medium, for example a floppy
disc, a DVD, a Blu-ray disc, a CD, a ROM, a PROM, an
EPROM, an EEPROM or a FLASH memory, a hard disc or
any other magnetic or optical memory which has electroni-
cally readable control signals stored thereon which may
cooperate, or cooperate, with a programmable computer
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system such that the respective method is performed. This is
why the digital storage medium may be computer-readable.

Some embodiments in accordance with the invention thus
comprise a data carrier which comprises electronically read-
able control signals that are capable of cooperating with a
programmable computer system such that any of the meth-
ods described herein is performed.

Generally, embodiments of the present invention may be
implemented as a computer program product having a
program code, the program code being effective to perform
any of the methods when the computer program product
runs on a computer.

The program code may also be stored on a machine-
readable carrier, for example.

Other embodiments include the computer program for
performing any of the methods described herein, said com-
puter program being stored on a machine-readable carrier.

In other words, an embodiment of the inventive method
thus is a computer program which has a program code for
performing any of the methods described herein, when the
computer program runs on a computer.

A further embodiment of the inventive methods thus is a
data carrier (or a digital storage medium or a computer-
readable medium) on which the computer program for
performing any of the methods described herein is recorded.
The data carrier, the digital storage medium, or the recorded
medium are typically tangible, or non-volatile.

A further embodiment of the inventive method thus is a
data stream or a sequence of signals representing the com-
puter program for performing any of the methods described
herein. The data stream or the sequence of signals may be
configured, for example, to be transmitted via a data com-
munication link, for example via the internet.

A further embodiment includes a processing unit, for
example a computer or a programmable logic device, con-
figured or adapted to perform any of the methods described
herein.

A further embodiment includes a computer on which the
computer program for performing any of the methods
described herein is installed.

A further embodiment in accordance with the invention
includes a device or a system configured to transmit a
computer program for performing at least one of the meth-
ods described herein to a receiver. The transmission may be
electronic or optical, for example. The receiver may be a
computer, a mobile device, a memory device or a similar
device, for example. The device or the system may include
a file server for transmitting the computer program to the
receiver, for example.

In some embodiments, a programmable logic device (for
example a field-programmable gate array, an FPGA) may be
used for performing some or all of the functionalities of the
methods described herein. In some embodiments, a field-
programmable gate array may cooperate with a micropro-
cessor to perform any of the methods described herein.
Generally, the methods are performed, in some embodi-
ments, by any hardware device. Said hardware device may
be any universally applicable hardware such as a computer
processor (CPU), or may be a hardware specific to the
method, such as an ASIC.

For example, the apparatuses described herein may be
implemented using a hardware device, or using a computer,
or using a combination of a hardware device and a computer.

The apparatuses described herein, or any components of
the apparatuses described herein, may at least be partially
implement in hardware and/or software (computer pro-
gram).
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For example, the methods described herein may be imple-
mented using a hardware device, or using a computer, or
using a combination of a hardware device and a computer.

The methods described herein, or any components of the
methods described herein, may at least be partially imple-
ment by performed and/or software (computer program).

While this invention has been described in terms of
several embodiments, there are alterations, permutations,
and equivalents which fall within the scope of this invention.
It should also be noted that there are many alternative ways
of implementing the methods and compositions of the
present invention. It is therefore intended that the following
appended claims be interpreted as including all such altera-
tions, permutations and equivalents as fall within the true
spirit and scope of the present invention.
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What is claimed is:

1. Participant of a wireless communication system,

wherein the participant comprises a transmission and/or
reception unit and an antenna array connected to the
transmission and/or reception unit,

wherein the antenna array comprises a magnetic antenna
with a loop discontinued multiple times;

wherein the participant is configured to transmit signals to
other participants of the communication system by
means of the magnetic antenna, and/or to receive
signals from other participants of the communication
system by means of the magnetic antenna,

wherein the wireless communication system is a low
power wide area network, LPWAN,

wherein the participant is configured to divide a data
packet to be transferred onto a plurality of sub-data
packets and to transmit the plurality of sub-data packets
in a non-continuous manner by using a frequency-
hopping pattern.

2. Participant according to claim 1,

wherein the participant is configured to transmit and/or
receive signals to/from other participants of the com-
munication system by means of the magnetic antenna.

3. Participant according to claim 1,

wherein the loop is discontinued by one or several capac-
ity elements.

4. Participant according to claim 3,

wherein the loop discontinued multiple times is discon-
tinued into at least two segments by the capacity
elements.

5. Participant according to claim 1,

wherein the loop forms a coil.

6. Participant according to claim 3,

wherein the transmission and/or reception unit is con-
nected to the magnetic antenna via one of the capacity
elements.

7. Participant according to claim 1,

wherein the loop is ring-shaped or m-polygonal, wherein
m is a natural number larger than or equal to four.
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8. Participant according claim 1,

wherein the magnetic antenna is implemented on a circuit
board.

9. Participant according to claim 1,

wherein the magnetic antenna is a first magnetic antenna,

wherein the antenna array further comprises a second
magnetic antenna,

wherein the loop discontinued multiple times of the first
magnetic antenna and a loop of the second magnetic
antenna are arranged essentially orthogonal to each
other.

10. Participant according to claim 9,

wherein a conductor of the loop of the second magnetic
antenna is thicker or broader than a conductor of the
loop of the first magnetic antenna at least by the factor
two.

11. Participant according to claim 9,

wherein the participant is configured to deactivate one of
the magnetic antennas of the antenna array to vary a
radiation characteristic of the antenna array.

12. Participant according to claim 9,

wherein a participant is configured to vary an emission
ratio of the antenna array by detuning the self-reso-
nance of at least one of the two magnetic antennas.

13. Participant according to claim 11,

wherein the participant is configured to divide a data
packet to be transferred onto a plurality of sub-data
packets and to transmit the plurality of sub-data packets
in a non-continuous manner,

wherein the participant is configured to vary the radiation
characteristic of the antenna array at least once between
the emission of two sub-data packets.

14. Participant according to claim 9,

wherein the participant is configured to divide a data
packet to be transferred onto a plurality of sub-data
packets and to transmit the plurality of sub-data packets
in a non-continuous manner by using a frequency-
hopping pattern,

wherein the resonance frequencies of the first magnetic
antenna and the second magnetic antenna are slightly
detuned on purpose so that in the emission of the
plurality of sub-data packets a radiation characteristic
of the antenna array varies contingent on the frequen-
cies defined by the frequency hopping pattern.

15. Participant according to claim 1,

wherein the antenna array comprises a tuning unit for
tuning the magnetic antenna,

wherein the antenna array is configured to automatically
tune the magnetic antenna.

16. Participant according to claim 1,

wherein the participant is configured to communicate in
the ISM band, where ISM stands for Industrial, Scien-
tific and Medical.

17. Participant according to claim 1,

wherein the participant is a terminal point of the commu-
nication system.

18. Participant according to claim 1,

wherein the participant is a base station of the commu-
nication system.

19. Participant of a wireless communication system,

wherein the participant comprises a transmission and/or
reception unit and an antenna array connected to the
transmission and/or reception unit,

wherein the antenna array comprises a magnetic antenna
with a loop discontinued once or multiple times,

wherein the magnetic antenna is a first magnetic antenna,
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wherein the antenna array further comprises a second
magnetic antenna,

wherein the loop discontinued once or multiple times of
the first magnetic antenna and a loop of the second
magnetic antenna are arranged essentially orthogonal
to each other, and

wherein the participant is configured to deactivate one of
the magnetic antennas of the antenna array to vary a
radiation characteristic of the antenna array,

wherein the participant is configured to divide a data
packet to be transferred onto a plurality of sub-data
packets and to transmit the plurality of sub-data packets
in a non-continuous manner by using a frequency-
hopping pattern.

20. Participant of a wireless communication system,

wherein the participant comprises a transmission and/or
reception unit and an antenna array connected to the
transmission and/or reception unit,

wherein the antenna array comprises a magnetic antenna
with a loop discontinued once or multiple times,

wherein the magnetic antenna is a first magnetic antenna,

wherein the antenna array further comprises a second
magnetic antenna,

wherein the loop discontinued once or multiple times of
the first magnetic antenna and a loop of the second
magnetic antenna are arranged essentially orthogonal
to each other,

wherein a participant is configured to vary an emission
ratio of the antenna array by detuning the self-reso-
nance of at least one of the two magnetic antennas.

#* #* #* #* #*

10

15

20

25

30
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